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Abstract:

Lap shear tensile and peel test specimens, incorporating 2024-T3 aluminum
alloy sheet, and BR-223 adhesive primer and FM 58 film adhesive (both
Bloomingdale Rubber Co. adhesives) were prepared and tested in accordance
with Specification Mil-A-5090B and Convair Specification 22-01310, respec-

tively. In addition, 1/2" thick aluminum alloy honeycomb panels con-
sisting of 0.020" thick clad 2024-T3 aluminum alloy face plates and 5052
aluminum alloy honeycomb core and the two adhesives mentioned were prepared
and tested in accordance with Convair Specification 22-00401. The curing
procedure involved in specimen preparation consisted of pre-curing at
175*F for 60 minutes and bonding at 350°F for 60 minutes under a pressure
of 50 psi. The tests showed the FM 58/BR-223 adhesive system in conform-
ance with Specification Mil-A-5090B requirements for tensile shear
strength at -67 0 F., room temperature and 1800 F.; and after exposure to
JP-4 fuel, Skydrol 500, 100% relative humidity and salt spray. The
adhesive system also was shown in conformance with flexural and peel
strength requirements for aluminum honeycomb panel construction. Some
of the peel tests indicated that the adhesive system could be used
successively for large metal-to-metal bonds.

Reference: Hunt, H. H., Bergstrom, E., Picotte, G. L., Keller, E. E.,
"Evaluation of the FM 58 Adhesive System," General Dynamics/
Convair Report MP 59-071, San Diego, California, 2 June 1959.
(Reference attached).
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INTRODUCTION t

The development of the rM-58 adhesive system was initiated by the Bloomingdale
Rub'r Comlpany of Aberdeen# Maryland, at the request of Convair, San Diogog
Engineering Department.

1. To determine if the FPY.58/AR-223 adhesive system moets the qualification
test requirements of MIL-A-5090B and Convair Speoificatiou22-00401
and 22-01310.

CONGLUSIgjS:

1. The PM-58/BR-223 adhesive system meets the requirements of MIL-A-5090B
for tensile shear strength at -670F. room temperature, 180oF1 and
after exposure to JP..4 fuel, Skydrol 500, 100% relative humidity
and salt spray.

The material mtets the flexural and drum pool strength requirements for
core to skin production bonding of Convair 3pooifioation 22-00401.

The metal-to-metal peel test specimens made by bonding 16" x 16"
skins do not moet the requirements of Convair Specification 22-01310 forT-peol strength at room temperature. Results do indicate that WK-58
my be used successfully for large area metal-to.metal bonds.

-e.g se.-, - ,
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Tensile Shear Soecimens:

The 4" x 9U lap Joint specimens were prepared in sufficient quantities
from .0640 2024-T3 clad aluminum alloy conforming geometrically to Figure 2
in MIL-A-509OB. All edges of the panels to be within the -ompleted bonded
lap-Joints were milled true and smooth before the panels were cleaned and
bonded.

Peel S12eeimenet

Specimens .020" x 10 x 10' were obtained by subsequent shearing of two
.020" x 16" x 16" 2024-T3 clad aluminum alloy (Specification QQ-A-362)
bonded sheets. Specimens were of the size shown in Figure 3 of 22-01310
and conformed to the applicable requirements of 22-01308, paragraph 4.4.2.1.1.
and 4.4.2.2.1. Care was taken to avoid crushing, scratching, denting and
delaminition vf the test specimens.

Honeycomb Soecimens:

Two sandwich panels 16" x 16" were fabricated using .0200 thick 2024-T3 clad
aluminum alloy skins and 0.500 inch thick 5052 honeycomb core in accordance
with Specification 14IL-C-74383 Type lB. Five 30 x 16' specimens with the
core ribbon parallel to the 16 inch dimension were out from each panel.

"Adhesive Tape & PrimeU

The adhesive tape (F1--58) and prime (HR-223) used in making the tests outlined
in this report were procured from the Blooin.dal6 Rubber Company Laboratories.
PH4-58 was furnished in a roll 48 inches wide by 36 yards long with each
.015 .ai layer separated by a non-blockine film backing. Film weight was
0.086 lbs/sq.ft. hR-223 prime was suppliod in one pint containers designated
as Batch No* C-33-2 manufactured 12//58.

6 lef
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TZST PROGSDURE,

Processing - Prenaat ion for ondine

Surfm Prenaration - Metal

1. hgod wipe with methyl ethyl ketone and clean cheesecloth*

2. Sodium diohromate - sulfuric acid etch 10 - 13 minutes at 150°F i I00
in a solution comprised oft

Sodium Diohromate 4 parts by weight
Sulfuric Acid 10 parts by weight
Water 30 parts by weight

3. Tap water rinse.

4. Distilled water rinse.

5. Oven dry 20 minutes at 150°F in an air circulating ovens after checking
for a water break free surfaoe.

6. Cool to room temperature.

Surface Prim4tt

1. Shake BR-223s thinned to 10% solids with methyl isobutyl ketones in a
point shaker for 15 minutes.

2. Spray prime an faying surfaces, using BR-223, to a dried file thickness
of .00050 to .001*.

3. Air dry prime for 30 minutes at rom temperature followed by 60 minutes
at 175?0 in an air circulating oven.

4. Cool to rom temperature.

0aning of Cores

Core was cloaned bty spraying liberally from both sides with uncontaminated
aliphatic naphtha conforming to Federal Specification TT-I-95a. Care was
taken not to allow core to stand in the liquid during this operation.

Biodins Procedure - Metal-To-Metal:

1. 1H-58 film was interposed between the primed faying surfaces and the
specimens were assembled for bonding and curing In a 3 platen electrically
heated hydraulic K-N press Model No* 2309 fo i 60 mnutes at 3°F
and 50 PSI. $ilic=e@ rubber stripe were placed above the bond area
prior to placing the assembly in the press to insure pressure equalisation
during the oure.

POem OM~-4
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B•nding Procedure - andwjioh Asgmblies:

1, The lM-58 film was interposed between the primed faying metal skins
and honeycomb core in such a manner that the scria cloth side
of the film was adjacent to the oleaned, but unprimed aluminum oare*

2. The assembly was placed in a Blaok Brother's pressp Model No, D-1006
with 186 x 18S electrically heated platens using the bonding cycle
specified for metal-to-metal curing. The release of pressure following
bonding was accomplished when the temperature was rsduced to 1500F.

TESTING:

Tensile Shear Testing:

Specimens were tested in accordance with paragraph 4.3.2.1 of Military
Specification MIL-A-509WB at the following temperatures?

(a) Low temperature (.670 a 20F): Specimens were maintained at this
temperature by using a mixture of dry ice and isopropyl alcohel.

(b) Standard (room) temperature (750 1 5OF),

(a) Elevated temperature (1800 1 20F): Specimens were maintained at
this temperature by using a bath of electrically heated Dov Oerning
710 fluid controlled by a Leeds and Northrup Company Speedomax -
type G recorder - controller.

Specimens were tested for peel strength in the adhesive laboratories
drum-ttype peel tester using the procedure listed in Convair Report 8-01310.
Low temperature (-67° ± 207) was obtained by using a mixture of dry ice
and isopropl al'eohol.

Fle•mral Pone-oomsb Testina:

Speslmens were loaded and tested at room temperature as shown in Specification
0-05033# Figure 1. A skin compression stress of 50,000 psi and a core shoer
stress of 211 psi and an "A" distance of 4.75 inches was used, Testing was
accomplished by means of a Cal-tester Model #frH-, Rate of loading was
200 pounds per minute.

Use. ii
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TESTING t (Cant 1d)

Peel Eonewoomb Tests:

Pool tests were conducted in accordance with Specification 22-01310 on the
failed flexural specimens at room temperature, using a climbing drum
peel tester at a rate of 4 to 12 Inctes per minute.

Low temperAture (-650 1 2oF) peel testing was accomplished by using dry
Loe and a fismer Celd Box Nodel 1M14-85xi000 regulated by a Model 402
Missiemr Controller. Specimens were not flexurally tested prior to low
temperature peoling.

The results of testinp and calculations are given in the following tables.
It is possible to refer to Table I for a simultaneous verification of the results
of all the tests performed.

MOTS: The test data from which this report was prepared are recorded in Materials
and Processes Test Laboratories Data Book No. 3005.
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ABSTRACT: Lap shear tensile and peel test specimens, iriorporating 2024-T3
aluminum alloy sheet, and BR-223 adhesive primer and FM 58 film adhesive (both
Bloomingdale Rubber Co. adhesives) were prepared and tested in accordance with
Specification Mil-A-5090B and-Convair Specification 22-01310, respectively.
In addition, 1/2" thick aluminum alloy honeycomb panels consisting of 0.020"
thick clad 2024-T3 aluminum alloy face plates and 5052 aluminum alloy honeycomb
core and the two adhesives mentioned were prepared and tested in accordance with
Convair Specification 22-00401. The curing procedure involved in specimen
preparation consisted of pre-curing at 175*F for 60 minutes and bonding at 350°F
for 60 minutes under a pressure of 50 psi. The tests showed the FM 58/BR-223
adhesive system in conformance with Specification Mil-A-5090B requirements for
tensile shear strength at -67°F., room temperature and 180*F.; and after exposure
to JP-4 fuel, Skydrol 500, 100% relative humidity and salt spray. The adhesive
system also was shown in conformance with flexural and peel strength requirements

(Continued)
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for aluminum honeycomb panel construction. Some of the peel tests indicated
that the adhesive system could be used successively for large metal-to-metal
bonds.

15 pages, 13 tables, 9 references.
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1. oTechnial Data W-58 Struotural Adhosive,' Bloomingdale Rubber Company,
Oetober 1. 1958.

2. 'Adhosivel Airframe Structural, Metal to Motal", Military, MIL-A-5090B,
Jul1 i, 1954.

3. "Adhesive Bonded Metal; Process and Inspection Requirementsm, Military,

MIL-A-9067A, Jan. 10, 1955.

4. "Core Material; Aluminum Honeycomb", Military, MIL-G-7,438B December 21, 1953.

5. 'Adhosive; Metallic 3truotural, Sandwich Construction', Military, MIL-A-25463,
January 1U, 1958.

6. 'Specification for Sandwich Construction", Convair 0-05033F7 October 31, 1950.

7. 'Bonded Aluminum Alloy Aircraft Partas Adhesive Process and Inspection
Requirement.', 22-01308G. February 6, 1958.

8. ePool Test Procedure for Adhesive Quality', Convair, 22-01310 Co March
27, 1958.

9. 'Aluminum Honeycomb Sandwich Panels and Components Processing Of', Convair,
22-00401B# February 5, 1958.
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SUtUI OF WUST RUSULTS

Toot Specification Toot Results
Requirement For FM 58/AR 223

Standard ( Ros ) Temp. 2500 PSI 3922 PSI
Shear Strength

-670 t 207 Shear Strength 2500 PSI '2972 PSI

+1801 :t 20F Shear Strength 1250 PSI 2739 PSI

= Shear Strength After 7 Days 2250 PSI 4123 PSI
Iimersion In JP-4 Fuel

Sheoar Strenrith After 7 Days 2250 PSI 4295 PSI
Im ersien In Skydrel 500

Shear Strength After 30 Days 2250 PSI 4Df PSI
Salt Spray Exposure

Shear Strength After 30 Days 2250 PSI 3042 PSI
100% Relative Humdity
Exposure
Standard ( Reon ) Temp. 30 Lbe./In.Width 27 Lbs,/InWidth

Peel Strength

-670 t 2Q7 Pool Strength None 13 Lbo./In.Width

Standard ( Rose ) Temp. None 26 Lbso/In.Width
Peel Strength After 7 Days
Ir•.ersion In JP-1 Fuel,

Standard ( Rooe ) Temp. None 26 Lbu./In.Width
Pool Strength After 7 Days
I~mersion In Skydrel 500

' Metal "pull out" occurred at pin hole in the majority of the
specimens tested at -671,F thereby precludin. a bond type failure.
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TABLE 1 ( CONT'D )

i7Test Specification Test Results
L Requirement For FM 58/9R 223

ALUMINUM HONEYCOMB

Standard ( Room ) Temp.
Compression Stream 50,000 PSI 559M28 PSI

Peel Strength 60 In.-Lbs, 112 In.-Lbs.

-651 L 21F Peel Strength 45 In.-Lbs. 57 In.-Lbs.

Standard ( Room ) Temp.
Compression Stress :.one 56,201 PSI

r4 Peel Strength None ll In.-Lbs.
AXfter 7 Days Immrersion
In JP-4 Fuel

Standard ( Room ) Temp.
Compression Stress None 55 728 PSI

Peel Strength None 116 In.-Lbs.
After 7 Days Immersion
In Skydrol 500

Standard ( Roor: ) Temp.

Compression Stress None 54,147 PSI
Peel Strength None 97 In.-Lbs.

After 30 Days 100%

Relative Humidity
Exposure

,i..O8 -
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STANDAD ( ROOM ) TZWVATURE SHEAR STRENGTHS

Shear Strength % Failure *C.G.L.T.

Specimen No. PSI Adhesive Cohesive Nils

1A 3991 60 40 7
2L 3354 60 40 7
3A 3373 7C 3- 8
A 3945 7, 30 7
5A 3873 40 7
63 3864 70 30 7
7A el 0 20 8

Avg. 3922

-670 + 2eF SIE.R STRENGTHS

Shear Strength % Failure *C.G.L.T.

Specimen No. PSI Adhesive Cohesive MUDs

IC 3264 100 0 8
2C 3339 ** 8
3C 2972 ** 6
4C 2073 *
5C 3389 8*

6C 2991 6
7C 9

Avg. 2972

OC.G.L.T. = Cured glue line thickness.

**Notes Mbtal "pull out" occurred at pin hola, Bond did not rupture.
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+1800t 20 SHEAR STRENGTHS

Shear Strength % Failure *C.G.L.T.
Specimen No. PSI Adhesive Cohesive Milo

13 2555 100 0 8
23 2945 100 0 8
3B 294 100 0 6
4B 2722 100 0 8

5B 2r18 100 0
6B 2545 100 0 6
7B 100oo 0 9

Avg. 2739

TABLE 5

STANDRD ( ROOM ) TEPWER•ATURE SnAR STRENGTI.S AFTER
7 DAYS IMMERSION IN JP-4 FUEL

Shear Strength % Failure *C.G.L.T.
Specimen No. PSI Adhcsive Cohesive 4las

iD 4027 to 20 8
2D 44111 0 20 7
3D 4102 F 20
4D 41U2 ED 20 8
5D 4000 so 20 8
6D 4018 so 20 8
7D ( Control) A= 50 50 9

Avg. 4123

Notes Control specimen cut from panel prior to exposure.

Pu ttga -d
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STANDJD ( BOOM ) UEW•TIRE Sia STRZOTHS AFRM
7 DAYS DO4RSIN0 IN SIKY L 500

Shear Strength % Failure OC.G.L.T.
Specimen No. PSI Adhesive Cohesive Mils

is 4130 80 20 8
23 4423 80 20 7
33 4241 80 20 8
41 4398 50 50 7
13 4160 20 8o 11
in 4417 80 20 5
719(Control) 60 40 9

Avg. 4295

U" 7

STANDARD ( ROOM ) TEMPERATURE SUIE. R STRenGTHS AFTER
30 DAYS SALT SPRAT EZPOSURE

Shear Strength % Failure *C.G.L.T.
Specimen No. PSI Adhesive Cohesive Mile

2. 4009 50 50 6
21 4028 50 50 5
37 4241 50 50 5
41 4167 50 50 5
R? 3926 50 50 5
El' 4157 50 50 7
7( Control) 50 50 9

Avg. 4088

Note: Control specimen out frem panel prier to exposure.

vmNu s08,,,-l
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3TANDM ( ROOM ) TVWERATURE S1FZR STRENGThS .- TER
30 DAIS 100% RELATIVE HUZIDITI EXPOSURE

Shear Strength % Failure 0.G.L.T.
Sp•cimen No. PSI Adhesive Cohesive Milo

IQ 3048 20 80 6
2G 2N9 20 80 6

30, 3038 20 80 4
40 3104 20 •0 7
5G 3240 20 80 6
60 2934 20 80 7
7G (control) 20 80 5

Avg. 3042

STANDARD ( ROOM) TE1ERJ.TURE Pb:L STREbGTFS

Peel Strength % failure *C.G.L.T.

Specimen No. Lbu./In.Width Adhesive Cohesive •Ito

1 25 10 90 12
2A 30 50 50 12
U 35 50 50 12
AA 22 50 50 12
5A 25 10 90 12
6* 1& 10 90 12

Avg. 27

Notes Control specimen out fror panel prior to exposure,

win. i'liB
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"-670 ý,. P2VEL STRENGTHS

Peel Strength % Failure #C.G.L.T.
Specimen No. Lbs./In.Width Adhesive Cohesive ML41

iC 11 0 100 13
20 13 0 100 12

14 0 100 12
,4c 13 0 100 12

sc 1 0 100 12
6' 0 100 12

Avg. 13

STAN DLD ( ROOM ) TEWUATURE PEEL STRENGTHS AFTER
7 DAIS IMERSION IN JP-4 FUEL

Peel Strength % Failure *C.G.L.T.
Specimen No, Lbso/IneWidth Adhesive Cohesive Nils

1D 28 0 100 12
2D 28 0 100 13
3D 26 10 90 12
4D 22 10 90 13

s260 100 13
6D. 10 90 12

Avg. 26
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STANDLRD ( BOON) nWZMaua FM STRENGTHS MR~
7 DAYS I?44U81011 IN SUD1OL 500

Poel Stroagtb % Fainuae 'C.G.L.T.
Specimen No, Lba,/In.Uidth Adhesive Oebhevsv )elf

is 25 0 100 12
23 26 0 100 12
31 25 90 10 12
43 28 10 90 12

st26 0 100 12
61~f 0 100 12

Avg. 26
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